We examined the activation of memory-related processes in the hippocampus and the amygdala following spatial learning under stress, in the rat. Animals were trained in a water maze in a massed spatial task under two stress conditions (cold and warm water). In the dorsal CA1, training was accompanied by increased phosphorylation of ERK2 only in animals that have acquired the task (irrespective of whether they were trained in cold or warm water). In the amygdala, signi®cant activation of ERK2 was found only in animals that learned the task well under high levels of stress. Hence, the results suggest that the amygdala and the hippocampus are differentially activated following spatial learning, depending on the level of stress involved.
Introduction
The response to stress involves the activation of the hypothalamicpituitary-adrenocortical (HPA) axis and its ®nal product corticosterone. Numerous studies have shown that stress experiences and/or corticosterone can dramatically impair subsequent cognitive processes (for review, see de Kloet et al., 1999) , such as the acquisition (Oitzl & de Kloet, 1992; Roozendaal & McGaugh, 1997) or the retrieval of information (Diamond & Rose, 1994; Diamond et al., 1996; de Quervain et al., 1998) . However, a different picture emerges when evaluating the effects of the stress reaction that is elicited during a learning situation. Several studies have shown a facilitative role for training-induced corticosterone release on the neural mechanisms determining the strength of memory storage (Sandi, 1998; Roozendaal, 2000) .
Speci®cally, it has been shown that although water maze spatial training at 19°C is associated with higher levels of corticosterone (compared with training at 25°C), 19°C-trained rats showed better long-term memory compared with those trained at 25°C (Sandi et al., 1997) . Moreover, the removal of endogenous corticosterone impairs spatial memory performance (Oitzl & de Kloet, 1992; Vaher et al., 1994) .
The amygdala is a part of the neural circuitry critical for emotion (LeDoux, 1992) . The speci®c role of the amygdala in memory formation has been a topic of recent debate (Cahill et al., 1999; Fanselow & LeDoux, 1999) . The two views are in agreement regarding the role of the amygdala in modulating memory storage processes occurring in other brain regions, but whether the amygdala is required for emotional conditioning, or holds at least some aspects of long-term emotional memory is under dispute.
Here, we examine the activation of memory-related processes in the hippocampus and the amygdala following spatial learning under low or high levels of stress, to study the possible differential involvement of these two structures in different aspects of emotionally charged learning experiences.
The p44/42 MAPK (mitogen-activated protein kinase) (ERK1 and ERK2; extracellular regulated kinase) are Ser/Thr protein kinases that are considered critical for both memory consolidation and long-term neuronal plasticity (Impey et al., 1999) . They are both correlated with and necessary for long-term taste memory in the insular cortex (Berman et al., 1998) , long-term contextual and auditory fear memory in the amygdala (Atkins et al., 1998; Schafe et al., 1999) and different hippocampal-dependent learning paradigms, such as contextual fear conditioning (Atkins et al., 1998) , spatial learning (Blum et al., 1999; Selcher et al., 1999) and long-term potentiation (LTP) (English & Sweatt, 1996; Jones et al., 1999) . ERK2 activation served here as an indicator for the activation of memory-related processes in the hippocampus and the amygdala.
We examined ERK2 phosphorylation in these two brain regions following spatial learning under two stress conditions: high stress (cold water, 19°C); and low stress (warm water, 25°C). We postulated that: (i) because the hippocampus processes spatial information, ERK2 should be activated only in animals that will acquire the spatial task, and (ii) because the amygdala is involved in emotional processes, only highly stressed animals will show ERK2 activation.
Materials and methods

Animals
Adult, male Wistar rats, weighing 250±300 g, from Harlan (Jerusalem, Israel) were maintained ®ve per cage on a 12 h light : 12 h dark cycle (lights on 07.00 h) with water and laboratory rodent chow ad libitum.
Behavioural training
The water maze (Morris, 1984) consists of a pool of water (diameter, 1.7 m; 50 cm high rim). For the spatial training task a submerged escape platform (12 Q 12 cm) was placed 30 cm away from the edge in a ®xed location. Each trial was initiated by placing the animal in one of three quadrants (in which there is no platform) near the wall of the tank. Animals were allowed to search for the hidden platform for a maximum of 60 s. The escape latency was measured using a stopwatch. When an animal reached the platform or at the end of the 60-s, it was left on the platform or placed there by the experimenter for 15 s.
Rats were trained in a massed protocol with inter-trial intervals (ITI) of 1 and 4 min alternatively until they could locate the platform four consecutive times in 15 s or less (criterion), or until 1 h had passed since the beginning of training.
Because training in the massed protocol is considered to be less ef®cient than the spaced paradigms often used in other studies, experiment 1 was designed to show that the massed protocol generates spatial memory.
In experiment 1, one group of rats (n = 7) was trained in the massed protocol at 19°C until they reached criterion. Five minutes following the last behavioural trial, a 40-s quadrant analysis test was conducted (without a platform in the maze) using a video tracking system.
Another group of animals (n = 11) was trained in the massed protocol at 19°C until they reached criterion; they were then left for 3 days in their home cage, and were introduced again into the maze on the third day for an additional six trials at 19°C with the same ITI as before.
In experiment 2, we examined the activation of ERK2 in the hippocampus and the amygdala following the acquisition of a spatial task under low or high levels of stress. The groups were trained in the massed schedule either in cold (19°C) or warm (25°C) water. A quadrant test was not conducted in these groups at the end of the training as swimming in a platform-free water maze may cause additional stress to the animals.
A total of ®ve groups was tested: d Naive (n = 18): taken directly from their home cage. d Cold water (n = 12): trained at 19°C for a spatial learning task. d Warm water: trained at 25°C for a spatial learning task. As about half of the rats in this group did not reach criterion, they were divided into two groups and classi®ed as warm water (+) or warm water (±) depending on their performance. d Warm water (+) (n = 13): good performers (reaching the criterion). d Warm water (±) (n = 10): bad performers (failed to reach criterion). d No platform (n = 10): swam at 19°C but with no escape platform in the maze, and no clear task to acquire; their total swim time was matched to that of the cold water group in each trial.
Western blotting
Reagents
Polyclonal p44/42 MAP kinase and phospho-p44/42 MAP kinase (Thr202/Tyr204) antibodies were from New England Biolabs (Beverly, MA, USA). Goat antirabbit (IgG) horseradish peroxidase (HRP) conjugated and the enhanced chemiluminescence (ECL) kit were from Amersham (Piscataway, NJ, USA). All other chemicals were of analytical grade or the highest grade available.
Homogenization
Rats were anaesthetized and decapitated 5 min after the completion of the last behavioural trial. The dorsal CA1, the dentate gyrus (DG) and the amygdala were dissected out. The tissue was immediately homogenized in a glass Te¯on homogenizer in 300 mL of SDS sample buffer (10% glycerol, 5% b-mercaptoethanol and 2.3% SDS in 62.5 mM Tris-HCl, pH 6.8), and boiled for 5 min. Samples were then stored at ±80°C until further usage.
Western blot analysis
Aliquots in SDS sample buffer were subjected to SDS-PAGE (10% polyacrylamide) and Western blot analysis. Each lane was loaded with 10 mL of sample. The ®rst lane of each gel was loaded with 10 mL of a hippocampal sample or amygdala sample to be used as a standard (the same sample was used throughout the experiment). Following blotting to a nitrocellulose membrane, the lanes were compared by Ponceau staining. Blots were blocked with 1% BSA for 1 h at room temperature, and then were reacted for 1 h at room temperature with the primary antibody. The blots were subsequently incubated for 1 h at room temperature with goat antirabbit HRPlinked antibody before exposure to the ECL substrate. The antibody directed against the phosphorylation state-independent form of the proteins was applied ®rst (ERK; 1 : 1000). The blots were then stripped in 100 mM b-mercaptoethanol, 2% SDS, 62.5-mM Tris-HCl, pH 6.7 for 30 min at 35°C with occasional agitation. The ef®cacy of the stripping step was assessed by exposure to the ECL substrate and verifying the lack of signals on the blot. They were then rinsed twice for 10 min in washing buffer (0.9% w/ v NaCl, 0.05% v/v Tween-20 and 100 mM Tris-HCl, pH 7.6), blocked for 1 h with 1% BSA, and incubated with the antibody directed against the phosphorylated proteins (phospho-ERK; 1 : 2000).
Quanti®cation
Film development conditions were optimized for the detection of ERK2. Under these conditions, ERK1 levels were undetectable in many of the samples, and thus any conclusions regarding the activation of ERK1 could not be inferred.
Densitometric analysis of the ERK2 immunoreactivity was conducted using a UMAX desktop scanner and NIH Image software. Each sample was measured relative to the standard sample (sample/ standard Q 100) and phosphorylation levels were calculated as the ratio between the results from the antibody directed against the phosphorylation proteins divided by the antibody directed against the phosphorylation state-independent form of the proteins [(phospho-ERK/ERK) Q 100].
Corticosterone radioimmunoassay
Trunk blood was collected following decapitation and samples were centrifuged at 3000 r.p.m. for 20 min at 4°C. Serum was stored at ±80°C. Corticosterone was measured using a radioimmunoassay kit (Coat-A-Count, Diagnostic Products Corporation, Los Angeles, CA, USA).
Statistical analysis
The results are expressed as means T SEM. For statistical analysis Student's t-test for difference from chance, Student's t-test, ANOVA, ANOVA for repeated measures and overall mixed ANOVA were used as indicated.
All post hoc comparisons were made using the least signi®cant difference multiple-comparison test (LSD) .
Approval
The experiments were approved by the institutional Animal Care and Use Committee, and adequate measures were taken to minimize pain or discomfort in accordance with the guidelines laid down by the NIH in the US regarding the care and use of animals for experimental procedures.
Results
Experiment 1: spatial memory in the Morris water maze under massed schedule training
The experiment was designed to show that the training in the massed protocol generates spatial memory.
The ®rst group of animals was trained at 19°C until they reached criterion (Fig. 1a) . A quadrant analysis test (with no escape platform in the maze) was conducted 5 min following the last behavioural trial. Figure 1b shows a signi®cant bias for rats to swim the longest distance within the quadrant in which the platform had previously been located (Q2) (Q2, t-test for difference from chance (25%): t 6 = 12.812, P < 0.0001).
To verify whether the training protocol produced long-term memory, an additional group was trained at 19°C until they reached criterion; they were then left for 3 days in their home cage, and were introduced again into the maze on the third day for another six trials at 19°C with the same ITI as before. Figure 1c shows the performance of the ®rst to third day groups. Comparing the performance of the animals on the ®rst day of training with that on the third day revealed signi®cant savings in escape latency (ANOVA for repeated measures: F 1,10 = 20.649, P < 0.001). These results suggest that the massed training protocol generates a long-term memory for the location of the hidden platform.
Experiment 2: the hippocampus and amygdala involvement in spatial learning as a function of the level of stress Figure 2 shows the performance of animals trained in the massed schedule at either 19°C (cold water group) or 25°C (warm water (+) and warm water (±) groups). A signi®cant difference between groups was found in the mean escape latency [treatment Q trials (3 Q 8) overall mixed ANOVA: F 2,5 = 11.668, P = 0.013]. Post hoc comparison showed a signi®cant difference between the warm water (±) group and both the cold water (P < 0.01) and the warm water (+) (P < 0.05) groups.
Five minutes after the completion of the last behavioural trial, the dorsal CA1, the DG and the amygdala were removed and were subjected to analysis of ERK2 activation by immunoblotting.
ERK2 was activated in the dorsal CA1 following the acquisition of a spatial task, regardless of the level of stress A signi®cant activation of ERK2 was found only in the cold water and warm water (+) groups, the two groups that did acquire the spatial task [ERK2 activation, t-test for difference from naive (100%): cold water t 11 = 3.863, P < 0.01; warm water (+) t 12 = 3.67, P < 0.01]. In the two other groups, no signi®cant activation of ERK2 was found [ERK2 activation, t-test for difference from naive (100%): warm water (±) t 9 < 1, NS; no platform t 9 < 1, NS]. Comparison between the groups revealed a signi®cant difference in the phosphorylation levels of ERK2 in the dorsal CA1 (oneway ANOVA: F 4,58 = 3.499, P = 0.013; Fig. 3) .
Post hoc comparisons showed a signi®cant difference between the naive group and both the cold water (P < 0.01) and the warm FIG. 1. Training under a massed protocol generates spatial memory. (a) Rats were trained in a massed schedule (inter-trial intervals of 1 and 4 min alternatively) until they could locate the platform four consecutive times in 15 s or less (criterion) or until 1 h had passed since the beginning of training. Note: animals that reached criterion were taken out of further analyses. Thus, as learning progresses, there is a decrease in the number of animals in the last trials: 9±10, n = 6; 11±12, n = 4; 13±14, n = 3; 15±16, n = 2. (b) A quadrant analysis test was conducted 5 min following the last behavioural trial. Rats show a signi®cant bias to swim the longest distance within the quadrant in which the platform had previously been located (Q2). Thus, the massed training generates spatial memory. *Signi®cant difference from chance level (25%, P < 0.0001). (c) Animals were trained in the massed protocol in cold water (19°C) until they reached the criterion. Three days later they were introduced into the maze again for six more trials under the same protocol (®rst to third day, n = 11). Comparing their performance (measured as escape latency on each trial) on the ®rst trials of each day showed a signi®cant saving in escape latency in the third day, indicating the formation of long-term memory for the location of the hidden platform.
water (+) (P < 0.01) groups, and between the cold water group and the warm water (±) (P < 0.05) and no platform (P < 0.05) groups.
The warm water (+) group was marginally different from the warm water (±) (P = 0.066) and no platform (P = 0.067) groups.
In contrast to the ®ndings observed in the dorsal CA1, there were no signi®cant changes in the phosphorylation of ERK2 in the DG (data not shown).
ERK2 was activated in the amygdala only following the acquisition of a spatial task in cold water (high stress)
In the amygdala, a signi®cant activation of ERK2 was found only in the cold water group that had acquired the spatial task well under high levels of stress [ERK2 activation, t-test for difference from naive (100%): cold water t 11 = 3.7399, P < 0.01]. Stress alone (no platform) or acquiring the task [warm water (+)] did not activate ERK2 in the amygdala [ERK2 activation, t-test for difference from naive (100%): warm water (+) t 12 < 1, NS; warm water (±) t 9 < 1, NS; no platform t 9 < 1, NS].
Comparison between groups revealed a signi®cant difference in the phosphorylation levels of ERK2 in the amygdala (one-way ANOVA: F 4,58 = 2.882, P = 0.03; Fig. 4 ). Post hoc comparisons showed a signi®cant difference between the cold water group and all the other groups (naive, P < 0.01; warm water (+), P < 0.05; warm water (±), P < 0.05; no platform, P < 0.05).
Plasma corticosterone
As reported previously (Sandi et al., 1997) , there was a signi®cant difference between animals exposed to cold and warm water (a Student's t-test between warm [warm water (+) and warm water (±) groups] and cold (cold water and no platform groups) (t 43 = 3.4191, P < 0.01; Fig. 5a ).
A signi®cant effect of the different experimental conditions was found (one-way ANOVA: F 4,58 = 79.378, P < 0.001; Fig. 5b . Comparisons showed that the naive and no platform groups were signi®cantly different from all the other groups and from each other (P < 0.001), with the naive animals showing the lowest levels of corticosterone and the no platform animals showing the highest levels, indicating that indeed the no platform group was a valid stressonly control.
Discussion
This work supports the notion of differential and speci®c activation of memory-related processes in the amygdala following a stressful spatial learning experience.
Training rats at different water temperatures signi®cantly affected their performance in a massed spatial task in the water maze, their post-training blood corticosterone levels and the activation of ERK2 in the hippocampus and the amygdala. The training in the massed protocol, which is considered to be less ef®cient than the spaced paradigms used in other studies, produced long-term spatial memory   FIG. 2 . The learning curve of the rats trained under a massed protocol for a spatial task in different water temperatures. Rats were trained in a massed schedule in either cold or warm water. All animals trained at 19°C (cold water, n = 12) reached the criterion. Animals trained at 25°C were divided into two groups: animals that reached the criterion [warm water (+), n = 13] and animals that did not reach the criterion (warm water (±), n = 10). A signi®cant difference in performance (measured as escape latency) was found between the warm water (±) group and both the cold water (P < 0.01) and the warm water (+) (P < 0.05) groups. Note: animals that reached criterion were taken out of further analyses. Thus, as learning progresses, there is a decrease in the number of animals in the last trials (cold water, trials 7±8, n = 11; 9±10, n = 9; 11±12, n = 6; 13±14, n = 2; 15±16, n = 2, and warm water (+) trials, 9±10, n = 12; 11±12, n = 11; 13± 14, n = 8; 15±16, n = 2. 19°C) and warm (25°C) water in the Morris water maze on the activation of ERK2 in the dorsal CA1. (a) Behavioural training increased ERK2 phosphorylation in the dorsal CA1 area in animals that reached the criterion (cold water and warm water (+) groups), but not in animals that failed to reach criterion (warm water (±), or animals that were not exposed to the spatial training (naive and no platform groups). Horizontal line indicates the levels of the naive group (100%). *Signi®cant difference from the naive group (P < 0.01), the warm water (±) group (P < 0.05) and the no platform group (P < 0.05).
FIG. 3. The effects of spatial training in cold (
# P < 0.05, compared with the naive group. (b) Representative anti-ERK2 and antiphospho-ERK2 Western blots from the dorsal CA1.
in animals that have acquired the task. All animals trained at cold water temperature (19°C) showed good performance in the spatial task (all attained criterion of reaching the platform four consecutive times in 15 s or less). However, animals that were trained at warm water temperature (25°C) were divided into two groups as about half of the rats in this group did not reach criterion.
A previous study has shown that rats trained in a spaced protocol at 19°C showed better long-term memory than those trained at 25°C, and higher corticosterone levels (Sandi et al., 1997) . Similarly here, rats trained at 19°C exhibited better acquisition of the spatial task and higher corticosterone levels compared with rats trained at 25°C. Thus, the levels of stress employed in this study are within the adaptable range of stress. The results support the notion that traininginduced corticosterone release is involved in the neurobiological mechanisms that determine the strength of memory formation for spatial orientation, and that corticosterone has a facilitating action on performance (Oitzl & de Kloet, 1992; Vaher et al., 1994; Sandi et al., 1997) .
ERK2 was signi®cantly activated in the dorsal CA1 only in animals that had acquired the task. Interestingly, animals that did not reach the criterion did not show a signi®cant activation of ERK2, suggesting speci®city to the learning component of the task. This ®nding is in line with our hypothesis regarding ERK2 activation in the hippocampus only in animals that have acquired the spatial task and with numerous reports of spatial learning as a hippocampaldependent task (O'Keefe & Nadel, 1978; Morris et al., 1982; Aggleton et al., 1986; McNaughton et al., 1986; Moser et al., 1993; Vann et al., 2000) . Furthermore, a recent report by Blum et al. (1999) showed changes in MAPK phosphorylation in the dorsal CA1/CA2 sub®elds, but not in the CA3, the DG or the ventral hippocampus, following the acquisition of a spatial learning task.
The amygdala, on the other hand, is not required for either the acquisition or the retention of performance in the water maze task; basolateral amygdala (BLA) lesions did not affect acquisition or FIG. 4 . The effects of spatial training in cold (19°C) and warm (25°C) water in the Morris water maze on the activation of ERK2 in the amygdala. (a) Behavioural training to criterion in cold water (19°C) (high stress, good learning) increased ERK2 phosphorylation in the amygdala. No signi®cant activation was found in naive animals (no stress; no learning), warm water (+) animals (lower stress level; good learning), warm water (±) animals (lower stress, no learning) and no platform animals (high stress; no speci®c learning component). Horizontal line indicates the levels of the naive group (100%). (b) Representative anti-ERK2 and antiphospho-ERK2 Western blots from the amygdala.
FIG. 5. Effects of training rats at different water temperatures in the water maze on plasma corticosterone levels. Trunk blood was collected 5 min following the last behavioural trial. Data represent the mean T SEM, expressed as the percentage of naive animals (corticosterone levels in naõ Ève group, 139.08 T 31.03 ng/mL). (a) A signi®cant difference was found between animals exposed to cold water (19°C) (cold water and no platform groups, n = 22) and warm water (25°C) [warm water (+) and warm water (±) groups, n = 23] animals. (b) Compared with the naive group, all groups showed signi®cantly higher levels of corticosterone but the no platform group showed the highest corticosterone levels. *P < 0.01, compared with all the other groups.
# P < 0.05, comparing the cold group and warm water (+) group. retention in a spatial task in the water maze of animals trained at 27°C (Roozendaal & McGaugh, 1997) . Our ®ndings that good learners trained in warm water show ERK2 activation in the hippocampus, but not in the amygdala, may provide further evidence that the amygdala is not required for the acquisition of spatial learning in the water maze per se.
We hypothesized that ERK2 will be activated in the amygdala following a highly emotional experience, i.e. in the cold water and the no platform groups. However, the only group that did show signi®cant activation of ERK2 in the amygdala was the cold water group that learned the task well under high levels of stress. Stress alone (no platform group) or learning under lower levels of stress (warm water (+) group) were not suf®cient to induce ERK phosphorylation in the amygdala, suggesting that the amygdala is concerned mainly with the interaction of learning and stress. It also supports the view that the amygdala is extensively involved in training situations that are highly arousing (Cahill & McGaugh, 1990) .
The need for both high stress and learning for the amygdala to be activated is supported by results from fear conditioning studies, in which it was shown that LTP-like processes in the amygdala occur during fear conditioning, but are not induced by the very stressful unconditioned stimulus (US; shock) (McKernan & ShinnickGallagher, 1997; Rogan et al., 1997) . In other words, only the interaction of stress and learning components (the fear conditioning) induces long-term associative plasticity in the amygdala. In another study, however, both cued and contextual fear conditioning, but also the foot shock alone, induced cAMP-response element (CRE)-dependent gene expression (Impey et al., 1998) . This may suggest that a dissociation should be made between CRE -binding protein (CREB) -mediated gene expression in the amygdala, which may be a part of a general fear or arousal response (Tully, 1998) , and ERK2 activation, which may be more directly related to the interaction with the learning. Likewise, it is likely that the warm water (±) group learned something about the spatial situation (they reached the platform but not the criterion) and that the no platform group learned both about the highly emotional situation and the spatial situation. Nonetheless, this nonspeci®c learning was probably subthreshold for detection by the ERK2 marker.
It has been shown that ERK activation following massed spatial training lasts for less than 30 min (Blum et al., 1999) , thus decapitation about 5 min after the completion of four successful trials (often about 1 h after the beginning of training) should be after the peak of ERK2 phosphorylation. Furthermore, only a portion of the CA1 or amygdala cells should be activated by the behavioural experience (Blum et al., 1999) , and the inclusion of large numbers and types of cells in the protein extracts may mask the changes seen. The signi®cant increase in ERK2 phosphorylation we observed is thus indicative of a substantial effect of the learning experience in the portion of the cells that were activated.
It is obviously important to understand how the brain encodes emotionally charged experiences into memory. The speci®c role of the amygdala in memory formation has been a topic of recent debate (Cahill et al., 1999; Fanselow & LeDoux, 1999) . The two views agree that the amygdala may modulate memory consolidation in other brain areas that represent and store different (nonemotional) aspects of the experience (Cahill & McGaugh, 1998; Fanselow & LeDoux, 1999) , and that the amygdala is involved in the storage of emotionally arousing events, such as those that evoke fear (Cahill & McGaugh, 1998; Cahill et al., 1999; Vazdarjanova & McGaugh, 1999) . However, there is ongoing debate about whether the amygdala is the site where emotional memories, such as fear conditioning, are formed and stored (Cahill et al., 1999; Fanselow & LeDoux, 1999) .
We show here that the amygdala is activated shortly following the emotionally charged learning experience. Other reports have shown that post-training inactivation of the amygdala by lesions (Liang et al., 1982) or blockade of new protein synthesis (Schafe & LeDoux, 2000) impaired retention of inhibitory avoidance response and auditory fear conditioning, respectively, thus indicating that the amygdala may be essential for memory consolidation of certain tasks, at least for a short period of time.
However, it has been suggested that changes in ERK2 activation may modulate gene expression and growth-related processes that are involved in long-term experience-dependent plasticity (Berman et al., 1998) . The MAPK cascade may activate the expression of downstream genes necessary for long-term memory by phosphorylating transcription factors such as ELK-1. The activation of ERK2 in the amygdala offers the possibility that such processes do take place there following spatial learning under stress. Future studies should investigate different time-points following the learning experience to examine this possibility.
On the other hand, it may be that the amygdala is activated for a short period of time after the learning event (as seen by ERK2 activation shortly following the learning), but then the long-term storage of the information occurs elsewhere. Indeed, modulation of amygdalar activity was found to effect hippocampal neural plasticity and the animals' performance in hippocampal-dependent tasks (for review, see Richter-Levin & Akirav, 2000) . We have recently found that electrical stimulation of the BLA has a biphasic effect on LTP in the DG, suggesting a complex involvement of amygdala modulation in hippocampus-dependent processes (Akirav & Richter-Levin, 1999) . In addition, post-training activation of the amygdala by amphetamine injection enhanced retention for a water maze spatial task (Packard et al., 1994) , and BLA lesions blocked glucocorticoid-induced impairments of a water maze spatial task (Roozendaal et al., 1996) , supporting a role for the amygdala in modulating memory storage of nonemotional aspects of the experience in the hippocampus.
Summary
The differential and speci®c activation of memory-related processes in the amygdala and the hippocampus suggest that they may handle different aspects of the same experience. Thus, emotional experiences may lead to parallel activation in emotional (mostly amygdala-based) and nonemotional (mostly hippocampal-based) systems (LeDoux, 1993) .
It has been shown that the amygdala modi®es the hippocampus responses and vice versa (for review, see Richter-Levin & Akirav 2000) . Consequently, a dynamic interaction that may exist between the amygdala and the hippocampus could possibly underlie the dynamic nature of emotionally based memories. For example, the hippocampus may receive information from the amygdala concerning odours and dangerous stimuli, and from neural circuits involved in classical conditioning. Correspondingly, the amygdala may receive information from the hippocampus that enables it to put the event into the proper context. Furthermore, experience-dependent alterations in the hippocampal formation will in¯uence the way the amygdala processes future emotional experiences and vice versa. The consolidation of new memories into long-term memories is time dependent and it may be that the`cross-talk' between the two structures plays an important role in regulating the strength of memory for emotionally based experiences. Therefore, shortly after the experience both the amygdala and the hippocampus are involved in memorizing it. Whether both structures remain involved in storing qualitatively different aspects of the experience remains to be studied further.
